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Thiophenes serve as the central pharmacophore in drug discovery and their bioisosteric replacement of a benzene ring is widely accepted as a powerful strategy to improve biological activities and pharmacodynamic and pharmacokinetic properties. 1) Therefore, use of thiophenes as building blocks undoubtedly continues to receive much attention in the pharmaceutical industry.
In connection with an ongoing program, we needed kilogram quantities of 2-methylthiophene-3-carboxylic acid (1) and its esters as starting raw materials. A medicinal researchbased route was based on C-2 methylation [2] [3] [4] of dianion of commercially available 3-thiophenecarboxylic acid (2) . However, because of both the expense of the reagent 2 and the use of more than 2 eq of n-butyllithium at low temperature, this route is far from ideal for large-scale preparation of these raw materials. Among several precedent methods for preparation of the corresponding acid or esters, the Grignard approach is thought to be a straightforward solution. In this note, we describe a practical synthesis of 2-methylthiophene-3-carboxylic acid ethyl ester, capitalizing on the LiCl-mediated halogen-magnesium exchange reactions.
This synthesis began with 2-methylthiophene, which was converted into 3-bromo-2-methylthiophene (3) according to literature methods. 5) As for preparation of the Grignard reagent from 3, the original work of Steinkopf and Jacob [6] [7] [8] involved treatment of 3 with magnesium by an entrained method, followed by coupling with carbon dioxide. However, all our attempts failed when using an array of the usual activators such as iodine and 1,2-dibromoethane, which was consistent with the findings of Rieke. 9, 10) In recent years, there have been several publications regarding the LiCl-mediated halogen-magnesium exchange reactions (TurboGrignard reagents) of 3-bromothiophenes, and therefore we turned our attention to this technology. 11) Exchange reaction of 3 with 1.5 eq of i-PrMgCl/LiCl in tetrahydrofuran (THF) reached a maximum conversion of 94% after 3 h at reflux, while reaching plateaus of 81% and 50% of the conversions after 5 h at 40°C and room temperature, respectively. The ratios were determined by quantitative HPLC analysis of reaction aliquots after quenching with an excess of aqueous ammonium chloride. Extensive survey of other inexpensive Grignard reagents including EtMgBr and i-PrMgBr provided poor conversions (20-45%), illustrating the superiority of TurboGrignard. Conveniently, similar acceleration was observed when addition of LiCl to a THF solution of 3 was followed by treatment with i-PrMgCl.
12)
With the successful conversion of 3 into the corresponding Grignard reagent 4 in hand, several electrophiles were examined for installation of an ethyl ester group, and ethyl chloroformate was found to be the choice of electrophile in terms of cost and efficacy. It should be noted that the use of inexpensive diethyl carbonate gave a decreased yield (70%) accompanied by formation of symmetrical ketone 6 (3%).
The initial scale-up runs indicated that arbitrary, rapid temperature rise in this step would cause safety concerns about larger scale reactions. After further investigation, thermal events could be controlled by adjusting the rate of addition of ethyl chloroformate, maintaining the internal temperature below 0°C. A demonstration batch was performed with 4.6 kg of 3. Isopropylmagnesium chloride solution was added to 3 in the presence of LiCl for 1.5 h at ambient temperature, and then the mixture was gradually warmed to 60°C for 1.5 h and the temperature was kept for 3 h, at which time HPLC analysis indicated that 7.9% of starting material 3 was left in the reaction mixture. Ethyl chloroformate in THF solution was added to the mixture in a linear manner for 4 h at Ϫ4°C. Isolation by vacuum distillation gave 1 in 63% yield with 91% HPLC purity.
We devised a safe and efficient process for the preparation of ethyl 2-methylthiophene-3-carboxylate. Our work provides several advantages over the precedents, involving operational simplicity, avoidance of the use of strong bases such as n-butyllithium and application of noncryogenic conditions, and the process enabled us to prepare 5 in 52% overall yield from commercially available 2-methylthiophene on a multikilogram scale.
Experimental
General All reagents and solvents were commercially available and were used without further purifications. The 1 H-and 13 C-NMR spectra were recorded by a Varian-400MR spectrometer operating at 400 MHz in CDCl 3 at 25°C with tetramethylsilane as an internal standard. The data are reported as follows: chemical shift in ppm (d), integration, multiplicity (sϭsinglet, dϭdoublet, tϭtriplet, qϭquartet, brϭbroad singlet, mϭmultiplet), and coupling constant (Hz). The mass spectra were obtained using a Waters AC-QUITY ® SQD instrument. The following systems were used for quantitative HPLC analysis: HPLC detector, Waters 2489 UV/Visible Detector, HPLC Chart 1 column, CAPCELLPAK C 18 MGII column (3.0 mM, 20ϫ2.0 mm, Shiseido) at 40°C. The flow rate of the mobile phase was 0.4 ml/min, and the detection was performed at 254 nm.
3-Bromo-2-methylthiophene (3) 13) A three-necked 3 l round-bottom flask was charged with N-bromosuccinimide (355.8 g, 2.0 mol) and AcOH (500 ml). A solution of 2-methylthiophene (98.2 g, 1.0 mol) in AcOH (100 ml) was added dropwise to the suspension at room temperature for 55 min, and the mixture was stirred for an additional 5 h. The resulting mixture was poured into a mixture of n-heptane (500 ml) and water (500 ml) and the layers were separated. The organic layer was washed with 1 M sodium hydroxide (500 ml) and brine (500 ml) successively, and dried over anhydrous sodium sulfate. Filtration and evaporation gave 3,5-dibromo-2-methylthiophene with 92% HPLC purity (260.6 g, yield 92%) as a pale yellow oil. A four-necked 2 l round-bottomed flask was charged with magnesium turnings (27.2 g, 1.12 mol) and tetrahydrofuran (200 ml). To the suspension, a tenth part of a solution of 3,5-dibromo-2-methylthiophene (249.5 g, ca. 0.899 mol) in tetrahydrofuran (550 ml) was added over 10 min at room temperature. After an exothermic reaction subsided, the remainder of the solution was added dropwise at such a rate that gentle reflux was maintained. After the addition was complete, the reaction mixture was heated at reflux for an additional 2 h. The resulting mixture was cooled to 0°C. Water (60 ml) was added dropwise to the mixture over 20 min and 2 M hydrochloric acid was added until the mixture became clear. The biphase mixture was extracted with n-heptane (600 ml) and the organic layer was washed with brine (600 ml) and dried over anhydrous sodium sulfate. After solvents were removed in vacuo, the residue was purified by distillation under reduced pressure to afford compound 3 (148.6 g, yield 90%, purity 97% by HPLC) as a colorless oil. bp 50°C (5 mmHg). In practice, crude 3 is allowed to be used in the next reaction without further purifications.
Ethyl 2-Methyl-thiophene-3-carboxylate (5) 14) A 100 l glass-lined reactor was charged with 3-bromo-2-methylthiophene 3 (88% HPLC purity, 4.67 kg, ca. 23.3 mol), lithium chloride (1.66 kg, 39.2 mol, Ͼ99% purity, Wako Pure Chemical Industries, Japan), and tetrahydrofuran (7.0 l) at room temperature. Isopropylmagnesium chloride (19.6 l, 39.2 mol, 2 M solution in tetrahydrofuran, Aldrich, U.S.A.) was added dropwise over 1.5 h at such a rate that the internal temperature was maintained below 30°C during the addition. The mixture was warmed to 60°C over 2 h and stirred for an additional 3 h, at which time HPLC analysis indicated that 7.9% of 3 was left. The mixture was cooled below Ϫ5°C, and then ethyl chloroformate (4.26 kg, 39.2 mol) was added dropwise to the mixture over 4 h at such a rate that the internal temperature was maintained below Ϫ2°C during the addition. The mixture was stirred for an additional 2 h at Ϫ3 to 5°C and then quenched with 2 M hydrochloric acid (18 l). The resulting mixture was stirred for 1 h and extracted with n-heptane (18 l). The organic layers were washed with brine (18 l) and dried over anhydrous sodium sulfate (300 g). After evaporation of the solvents, the residue was purified by distillation under reduced pressure to afford compound 5 (3.11 kg, yield 63%, purity 91% by HPLC) as a pale yellow oil. bp 90-111°C (6 mmHg). 
